
.

liAllB~ALAD4:SIMYCO$!NTIEE

FOFIArfW~IWCS v --k

1 MAILEDi: Skt-3 l:i2Y ‘—-

:T&f~H~,---------------k--------- TECHNICALNOTES

NATIONALADVISORYCOMMITTEEFORAERONAUTICS

I
1. -iu “

,.. -.—

.

No.31!5

VISCOSITYOF DIESEIJENGINEFUELOILUND~ PRXSSURE

By MayoD. Hersey

..

Washington
September,1929

\
..-. —.. . ..

.
..:.

—

--- - - - .—. . ..— - _ L — -

‘1

d
‘*

&



“L

●! ‘

NA~IONfi ~T/I~oRy ~()~ITTEE FOR ~RoNfJJT~cs .

TECHNICALNOTENO.315.

VISCOSITYOF DIESELENGINEI!iJELOILUNDERPRESSURE.

By MayoD. Hersey.**

In thedevelopmentofDieselengin~fuelInjectionsystems

it is necesssxyto havean approximateknowledgeof theabsolute

viscosityof thefueloilunderhighhydrostaticpressures.

Thisreporthasbeenpreparedby theSpecialResearchCommittee

on Lubricationof theAmericanSocietyof MechanicalEngineers

at therequestof theNationalAdvisoryCommitteeforAeronau-

tics,andpresents”theresultsof experimentaltestsconducted

by Mr.JacksonNewtonShore,*utilizingtheA.S.Id.E.highpres- -:
*

sureequipmentwhichhadpreviouslybeendescribedin a paper

. (Reference1) by MayoD. Hersey’ad Henry

.
ExperimentalMethod

Shore.***

Referenceshouldbe madeto thepapercited(Reference1)

fora detaileddescriptionof theapparatusused. Theviscom:

eteritselfis of therollingballtypeoriginallyduetoDr.

AlanE. Flowers.****Thepump,leakprooffittings~d other

highpressuxeequipmentaresimil~ to thoseoriginallydevel–

opedby ProfessorP. W. BridgmanofHarvardUniversity.
*Rese~-chAssociate,A.S.M.E.SpecislResesxchCommitteeon~

Lubrication.
**Chairfi~~,A.S.M.E.SpecialResearchCommitteeon Lubricatia”n

andformerlyAssociateProfessorofPropertiesofMatter,
b MassachusettsInstituteof Technology.

***FormerResearchAssociate,A.S.M.E,Committee.
****Secret~yof theA.S.H.E.Committee.
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Forpressureup to 12,000poundsper square-inchit was

foundunnecessarytousetheintensifieror themanganincoil

gauge. Pressureswereproducedby thepumpandmeasuredon a

calibratedBourdontubegauge. Thepumpwasconnecteddirect
R

to theviscometerby meansof a six-foctlengthof Shelbytubing

andtheentiresystemwasfilledwiththesampleundertest.

Theprincipalchangemadeforthepurposeof thepresent

testsconsistedin replacingthestandardl/4inchsteelball
.

by a 3/8inchball. Thiswasdonein orderto adaptthevis-

cometerforliquidsofmuchlowerviscositythanhadbeentested

hitherto.Sincetheboreof theviscometertubeis 2~/64inch,

the3/8ballreducedtheradialclearanceto 3/128inch,thus
. introducinga

. ciablyretard

observations.

sufficientamountof viscousresistanceto appre-

themoti~nof theballandpermitaccuratetime
.

Underthesenewconditionsitwasnecessaryto recalibrate

theviscometer,sincethepublishedcalibrationcurve(Fig.6,

nfReference1), appliesonlyto the1/4inchball.

Calibrationwasaccomplishedby theuseof fiveli~uids

whoseviscositieswerealreadyknownat atmosphericpressure,

viz.,methylalcohol,water,kerosene,theDieselfueloilsam-9
pie,anda whiteminer&1oil. Thecalibrationcurvethusob-

tainedcheckedalmcstperfectlywi~hsimilardataobtained.by

theuseofP. W. Bridgman!svaluesfortherelativeviscosities
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of keroseneundervariouspressures(Reference2) up to 15,000

poundsper sq~are-inch,as shown,byFigure1 herewith.

Descriptionof theFuelOil

Thesamplesubmittedfr~mtheLangleyMemorialAeronautical

Laboratoryhadbeenpureba,sedin conformitywithGovernmentSpec- ‘

ifications*andin additioq,possessedthefoll~wingcharacter-

istics:

Viscosity(absolute)at 2’1°C 0.C61poises.
11 11 1!30°0 0.46 “

Densityat 202C 0.864g/cm3
II It 3r0c 0,858 If

●

Computationscf

tionof p“ressureand.

pretingthereadings

thedensityofthe samplep, as a func-

temperature,whicharenecessaryforinter–

of theviscometer,weremadein accordance
.

withthepublishedformula(Reference1)

P = Po (l+;+

in which F. denotesthedensityat atmosphericpressurep =

andat a temperatureof 25°C,while(1representsthetempera-

tureelevaticnabcve25°C. Fromthedensityvaluestabulated

o,

above,po
of thermal

elasticity

wasfoundequalto 0.861g/ems, and A (reciprocal

expansivity)equalto 1350°C.”Thebulkmedulusof

E, wastakenequalto 284,000lb./sq.in.,a mean
. *BureauofMinesTechnicalPaper323B.

b
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betweenpublishedvaluesforkeroseneandforlubricatingoils,

whichis considereda safeapproximationsincethisfactoren-

ters only

From

enttests

of 12,000

as a smallcorrectionterm.

equation(1)themaximumdensityoccurringin thepres-

wasfoundtobe p = 0.898 at 22.6°Cundera pres”sure

lb./sq.in.,andtheminimump = 0.850

atmosphericpressure.

NumericalDataandResults

Theactualstop–watchreadings,uncorrected

celebrationof theball,arerecordedin Table1,

at100°Cunder

forinitialac-

where To de-

nctestheobservedroll-timein secondsand p thecorrected

gaugepressureinpoundsper squareinohaboveatmosphericpres-~
sure. Eachtimereadingis themeanof seversll.~bservations.

.
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TABLE1. OriginslTimeObservations—

Temp.22.6”c
Test
No●

1

2

3

4

5

6

7

8

9

10

Press.
lb./sq.in.

o

12000-

0

12000

0

3000

6000

9000

12000

0

[ Temp.50”C

6

20

6

20

6

8

11

15

21

6

0

3000

6000

9000

12000

9000

6000

3000

0

TO
sec.
4.60

5.1?

5.57

6.87

8.20

7.57

6.10

5.20

4.60

-—
Test
No●

20

21

22

23

24

25

26

2?

28

Temp.100°G
Press.

lb./sq.in.
o

3000

6000

9000

12000

9000”

6000

3000

0

To
sec.
3.60

4.00

4.17

4.70

4.87

4.47
.

4.20

4.00

3.6?

—...—
Correctionsforaccelerationweremadeby equation(1)

(Reference1) andwereneveras largeas 1 percent. Are:

examination&f thederivationof thisformulashowedthatthe

constantk is independentof theballdiameter,directlypro-

portionalto thesineof theangle,abovethehorizontsll,andin-

verselyproportionalto thelengthofpaththroughwhichthe

ballmoves. Thesamevalueasbeforewasthereforeused. Cor-

rectionsforchangeofpathdue to compressionof therubber

washerswerealsomadeasbefore,andtheeombin~dcorrection

foracceleraticmandcompressionwasnevergreaterthan1 per

cent.

Fromthecorrectedtimevaluesandthedensityvaluesac-

●
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cordingto equation(1)above,.. . a tablewascomputedshowingthe

valuesof ST foreachof the28 tests,where S denotes

~+.l, takingp. asbefore= 7.9g/.cx3fortheballdensity.
I

Fromthecalibrationchart(Fig.1),the~orrespondingU/S ,val-’

ues werereadoff,where U is thekinematicviscosity,i.e., .

@/P. Knowingp, theabsoluteviscosityisnowobtainedfrom

the sliderule.

Theabsoluteviscositiesthusdetermined,andtheirloga-

rithms,arerecordedin Table11 andthelatterareplottedin

Figure2 herewith.

Test
No.

1

2

3

4

5

6

~

8

9

10

TABLE11. OriginalViscosityValues -
,

Pressure Viscosity,poises
lb./sq.in. v logp
Tests1-10incl.at 22.6°C

o

12000

0

12000

0

3000

6000

9000

12000

0

.0498

.239

.0526

.240

.0563

.0794

●119

.179

.284

.0578

~.69~2

i.3784

2.7210

i.3802

2.~505

~.8998

T.0755

1.2529

Y.4533

%J619

,

.-..—.- —. .--.,——— - —. __ .



.

. N.A.C.A.TechnicsNoteNo.315 6

cordingto equation(1)above,..... a tablewascomputedshowingthe

vsluesof ST foreachof the28 tests,where S denotes

+1, takingp. asbefore= 7.9g/,cm3fortheb~l density;

Fromthecalibrationchart(Fig.1),thecorrespondingU/S ,val-!

ueswerereadoff,where U is thekinematicviscosity,i.e.,

V’/P* Knowingp, theabsoluteviscosityisnow obtainedfrom

thesliderule.

Theabsoluteviscositiesthusdetermined,andtheirloga-

rithms,arerecordedin Table11 andthelatterareplottedin

Figure2 herewith.

Test
No.

1

2

3

4

5

6

7

8

9

10

TABLE11. Origins3.ViscosityValues
Pressure Viscosity,poises
lb./sq.in. P logp
Tests1-10incl.at 22.6°C

o

12000

0

12000

0

3000

6000

9000

12000

0

.0498

.239

,0526

.240

● 0563

.0794

●119

.ly9

.284

.0578

i.3784

Z.721O’

i.3802

i.4533

.

.
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TABLEII. OriginalViscosityValues(Cont.)
Test pressure Viscosity,poises
No. lb./sq.in.

P log~
Tests11-19incl.at 50°C

12

13

14

16

lj’

18

19
.

c 20

21

22

23

24

25

26

23

28

0

3000

6000

9000

12000

9000

6000

3000

0

.0292

.0361

.0421

.0610

,0782

.0708

.0502

.036~

.0278

Tests20-28incl.at 100°C

o

3000

6000

9000

12000

9000

6000

3000

0

.0128

.0188

.0211

.028~

.0316

.0255

.0218

.0188

● 0139

z.4654

2.55?5

~.6243

2.7853

2.8932

~.8500

5.45~9

Z.1072

~.3243

2.3385

z.1430

.

b

. . .
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GraphicslPresentationof Results

8

Valuesof logW fromthesmoothcurvesof Figuxe2 are.
replottedinFi=gure3 againstlogt°F in theformof constant

pressurecurves(isopiestics),at intervslsof2000poundsper

square-inch,overthetemperaturerage from20°to 120°C. The

useof logtOI’ratherthsn logt°C hastheadvantageof

givingneatlystraightlines.

InterpolatingonFigure3, at equallyspacedCentigrade

temperatures,viz., 20°,40°,60°,80°,100°,-d 1200C,pro-

videsdataforFigure4, in whichtheapproximateabsolute

viscosityinpoiseshasbeenrepresentedas a functionofpres-

6 sureup to12,000poundsper square-inch,at thetemperatures

stated.Forconvenience,twomoreisothermalcurveshavebeenb
addedat intermediatetemperatures,250ad 30°C*

AbsoluteviscositiesreadfromFigure4, arebelievedto

be accuratewithin5 perce~tat everypoint.

June21,1929.

1. Hersey&dMayo

Sh&ce,Henry

2. Bridgmsn,P.

.

Ref e r enc e s

D. Viscosityof LubricantsUnderPressuxe.
: Mech..Eng.,Vol.50,1928,pp.231-232.

w. : Proc.Am.Acad.ArtsSci.,Vol.61,
No.3, 1926,pp.5~-99(seeP.82).
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N.A.C.A. Diz~el angine fusl oil

Plotshowing the original observations
at three temperatures
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Fig. 2 Pressure, thousands of lb/in?
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b

N..A.C.A.Dieselenginefueloil:
Logplotshowingrelation
of viscosityto temperature
at variousconstantpressures.
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N.A.O.A. Diesel engine fuel oil

Chart shoting viscosity as a function of pressure
for temperaturesfrom 20° to 1200 0
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